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ABSTRACT

A need for reducing the concentration of micrecorganisms in the air of
dental operatories has been assumed. The purpose of this study was to evaluate
the effectiveness of two methods of air cleaning in reducing the number ¢. air-
borne bacteria in a closed space. Teste for clearance of Bacillus subtilis spores
from static and dynamic aerosc'= were conducted in a 760 ft3 experimental room.
The air cleaning devices were a portable electronic air cleaner with a capacity
of 175 cfm (tested in combinations of one, two, and three) and a high efficiency
particulate air (HEPA) filter module with a capacity of 800 cfm (tested singly
and as a pair). Both devices cleaned and circulated room air only. Tie time
required for complete clearance of spores from a static aerosol decreased as
air capacity increased, from an average of 19 minutes at 175 cfm to 8 minutes
at 800 cfm., With forced ventilation at 800 ¢fm, an average of 5 minutes was
required. When a dynamic aerosol was disseminated over a 10-minute period,
spore concentrations plateaued aftier several minutes, the levsi depending on the
rate of air fiow through the clesning devices, Cleaning efficiency was maximum
when the theoretical turnover of room air occurred once every 1 1/2 to 2 minutes,
No difference was observed between the officiency of the electronic and HEPA
devices. Forced ventilation at 800 cim produced results wmnarable to those of
HLPA filtration at the same rate,




INTRODUCTION

The studies by Bourdillon, Lidweli, and Lovelock! during the 1940's
provided impetus for numerous investigations relative to the aerobiology of
hospital environments, As a result, sanitary control of air in hospitals, partic-
ularly in surgical operating suites, has gained widespread acceptance in programe
for the prevention of infection,

Interest in dental aerobiology followed the introduction of uigh-speed rciary
and uitrasonic instruments to dental , . uctice. With these instruments, contam-
inated water sprays are disseminated in greater quantities th.an before, and
there is little doubt that microbial concentrations in the air of dental operatories
have increased.2-5 Micik et al, 6 found that a nurmber of dental procedures
employing water sprays and rotary instruments disseminated aerosols with
bacterial concentrations greater than those associated with coughing or sneezing.
Becauvse there i8 strong evidence that 2 number of discases can be transmitted
by the airborne route,? questions have been raised about potential dangers from
the microbial concentrations in dental operatories. Because a precise relation-
ship between air contamination and transmission of infection in the dental opera-
tory has not been established by epidemiological studies, it can only be assumed
that a reduction in the number of airborne microorganisms is desirable. In this
respect, it has been found that ventilation per se can be satisfactory when the
air available for intake does not add appreciably to bacterial contamination, 8
Without a source of clean air or in a closed system such as a subm rged sub-
marine, ventilation is not feasible. In such cases it would be worthwhile to
evaluate the efficzcy of air cleaning in reducing microbial contamination.

The purpose of this investigation was to measuve the effectiveness of two
methods of air cleaning in reducing the concentration of airborne bacteria in a
cloaed space.

MATERIALS AND METHODS

All tests were conducted, under existing conditions of temperature and
humidity, in a 700 ft3 experimental room specially constructed for erosol
studies.? The types of air cleaning devices tented were (1) a high efficiency
particulate air (HEPA) filter module, * which has a capacity of 800 c¢fm and is
equipperd with a final filter that is 99,97 percent effective in removin,, airborne
particles 0.3 micron in size and larger and (2) a portable electronic air cleaner, t
which has a capacity of 175 cfm and removes airborne particles by electrostatic

The opinicns or assertions co."ained herein are the private ones of the
writers and are not to be construed as official or reflecting the views of the Navy
Department or the naval service at large.

*Model 43X, Agnew-Higging, Inc., Garden Grove, Calif.
tMwiel F38, Honeywell, Inc., Minneapolis, Minn.
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precipitation. In ail tests, but not in comparative ventilation studies, the devices
were placed in the room and the room was sealed so that only room air was
cleaned and circulated.

Suspensions of Bacillus subtilis var. niger (globigii) in sterile distilled
water were disseminated at a rate of 3 m./minute from a Chicago atomizerl?
placed in the center of the room, 30 inches above thc iloor. Previous tests
had indizateu thai 83 percent cf the vicble particles recovered -vould be in the
1 to 5 micron range. During dissemination a 15-inch oscillating fan was run
to stir the room air,

A 1-hour air sampler* was used to sample the room ait aring the tests.
It was located just outside the room, 6 inches from the floor. The sampler was
fitted with a straight, 2-foci-long polyvinyl tube, with an inside diameter of 3/4
inch, extending into the rocom through the wall; it was adjusted to draw air at
the rate of 1 ft3/minute. The sampler was activated immediately before dissem-
ination of the spores and was run throughout each test period. Spores impacted
on trypticase soy agar were counted in 1-minute increments after the plates had
been incubated for 24 hours at 37° C. E.ach colony was assumed to represent a
single viable particle (VP).

The effectiveness of the air cleaning devices was studied with two types
of aerosols: static and dynamic.

STATIC AEROSOLS. -~A suspension of B, subtilis in water (about 109
spores/ml) was disseminated for 1 minute, and the air in the room was allowed
to stahilize. The aerosol then reached a concentration that resulted in the
recovery of approximately 100 VP/ft . The cleaning device was turned on
immediately after this; and the time required to clear the room of all viable
particles, i.e., to reach zero recovery on the sampling plates, was ascertained,
The HEPA filter module was tes! 'd as a single unit; the - .ectronic air cleaners
were tested singly and in combinationa of two and three,

For purposes of comparison, clearance of static aerosols from the room
by ventilation was also studied. This was accomplished by disseminating the
suapension of B, subtilis spores in t' . same manner and then exl....sting air
from the room through a HEPA filter module while replacing it with fresh air
drawn through an aperture in the ceiling. This vrovided a ventilation rate of
800 cfm, i.e., the capacity of the HEPA module. Nonpassage of spores through
the HEPA filter was tested by sampling air exhausted through it. Plates
of the type used in the sampler were held by hand 12 inches in front of the unit
for 1 minute,

DYNAMIC AEROSOLS, --The capacity of the air cleaning devices to handle
dynamic aerosols was evaluated by disseminating suspensions of B. subtilis
spores continuously for 10 minutes and at the same time operating the device

*Reyniers sampler, Model FD-100, Reyniers and Son, Chicago, Ill.




that was being tested. Before each test the spore £ spension to be used in that test
was disseminated for 1 minute in order to establish a value with which to compare
‘he test result. The room air wzs aiiowed to stabilize, and the subsequent puak
1-minute viable particle recovery was arbitrarily given a 100-percent value,

Spore suspensions were disseminated in concentrations that resulted in peak
1-nidnute recoveries of approximately 50, 100, and 200 VP/ft3, After each
preliminarv 1-minute dissemination, the room was cleared of viablu particlas

by filtering the air through a HEPA filter module. The aame spore suspension
was then disseminated continuously for 10 minutes. The air cleaning device under
study was operated during this test period, and the changes in bacterial concen-
tration per minute were related to the 100-percent value. The HEPA filter module
was tested singly and in a combination of two; the electronic air cleaner was tested
singly and in combinations of two and three. ’

Also measured was the clearance of dynamic aerosols from the air by a
conventional room air conditioner, * which had a capacity of 450 cfm and was
equipped with a low efficiency rough filter. The air conditioner, like the cleaning
devices under study, was placed in the sealed room and filtered and circulated
room air only. A comparison was also made of the effect of HEPA filtration and
ventilation (see "STATIC AEROSOLS").

RESULTS

Table 1 shows the time required to reach zero recovery of viable particles
from a static aerosol when different procedures were used. One electronic cleaning

Table 1.--Time required for clearance of static bacterial aerosols
from experimental room by air cleaning and by ventilation

Procedure Number of tests Clearance time (minutes)

FElectrostatic precipitation

One unit (175 cfm) 14 19 + 2*

Two units (350 cfm) 18 11+2

Three units (525 cfm) 6 9+1
HEPA filtration

One unit (800 cfm) 6 8+2
Ventilation

One unit (800 cfm) 7 5+1

*Standard deviation

*Chrysler Airtemp, Model H18-93, Chrysler Corp., Dayton, Ohio.
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device with a capacity of 175 cfm, cleaning and circulating room air only, required
a mean time of 19 minutes to effect zero recovery. The time was reduced as the
air flow rate was doubled and tripled. Zero recovery was reached in a mean

time of 8 minutes with a HEPA filter module at 800 cfm. In the ventilation studies
at the 800 cfm rate, 5 minutes was required to reach zero recovery o1 B. subtilis
spores from the room air exhausted through the HEPA filter module.

Table 2 shows the recovery of viehle particles from dynamic aerosols
digseminatad while the air cleaning devices under study were operating. Thc
recovery vaiues are expressea as percenlages cf the preliminary pcck 1-mirnte
concentrations of viable purticles. Each value listed represents the mean of

three tests: one for each of the three spore suspensions.

Table 2. --Percentage recovery of viable particles (VP) from
dynamic aerosols by an air conditioner and the air cleaning
devices tested,during each minute of test periods

Reccvery of viable paruclesh([;ercent)‘

Air cleanir.z device Time (minutes) _
1 2 3 4 5 ] 7 8 9 10

Air conditioner
One unit (450 cfm) 43 - 1356 - 210 - 330 - - 394
Electronic air cleaner
Oune unit (175 cfm) 50 97 122 149 170 179 166 187 193 192
Two units {350 ctm) 256 60 73 100 106 91 103 102 106 98

Three units (525 cfm) 6 52 80 80 74 72 71 11T 15 78

HEPA filter module
One unit (800 cfm) 31 64 72 67 15 T2 13 13 711 77
Two units (1, 600 cfm) 15 39 39 43 42 31 31 39 45 Kyl

*Values nic expressed as percentages of peak 1-m. .te racoveries from corre-
sponding static aerosols of epproximately 50, 100, and 200 VP/ft3. Each value
represents a mean of one each of the three.

With the air conditioner the viable particle recovery counts continued to
increase throughout the test period; but with the other devices, the counts reached
a plateau, vhere they remeined for the rest of the period. These plateaus may
be noted in Figure 1, which shows curves taken from the data in Table 2. No
practical difference was ovserved between the recovery values for the three
electronic cleaning devices at a total of 525 cfm and one HEPA filter module at
800 cfm. At 10 minutes these values were approximately 80 percent leas than
those for the air conditioner; with two HEPA filter modules at 1, 800 c{m the
recovery values were approximately 90 percent leas.




Figure 2 shows curves ba=ad on data obtained from HEPA filiration and forced
ventilation of dynamic aerosols. A HEPA filter module at 800 cfm gave approx-
imately the same results when it filtered room air as it did when it was used only
to ventilate the room.

225} A Condiioner /
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Fig. 1. Percentage recovery of viable particles from dynamic aerose~ls by an air
conditioner and the air cleaning devices tested. Values are expressed as percent-
ages of peak 1-minute recoveries from corresponding static ae: osoies of approximately
50, 100, and 200 VP/fi3. Each value represents a mean of one cach of the three.
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Fig. 2. Comparative effect on viable particle recovery from dynamic acrosols
when HEPA filtration and ventilation were used at same flow rate of 800 cfm.

R




DISCUSSION

This study shows that air cleaning by either electrostatic precipitation or
HEPA filtration is effective for reducing concentrations of airborne bacteria in
static or dynamic aerosols, The cleaning effectiveness, with respect (o particle
size, of the electrcnic cleaners used in this study is unknown, but it appears to
be comparable to that of the HEPA filters. The rough filter in the air conditioner
was ineffective for particles of the size used in this study.

As can be seen in Table 1 and Figure 1, cleaning effectiveness was closely
related to flow rate. Three electronic cleaners having a total capacity of 525 ¢fm
produced resuits similar to those obtained with a HEPA filter module having a
capacity of 800 cfm. In the experimental room, with a volume of 700 ft3, max-
imum air cleaning efficiency appeared to be attained between 350 and 525 cfm.
This suggests that maximum efficiency may be achieved when the ratio of room
volume to air flow rate is approximately 1 1/2:1 to 2:1 (a theoretical turnover
of room air once every 1 1/2 to 2 minutes).

Of particular interest in this study is the evidence that air cleaning devices
can be as cffective as ventilation in clearing viable particles from room air. If
fresh, clean intake air is available and exhaust air is of no concern, ventilation
is the method of choice in terms of cost and use of space. Such a situation exists
on surface ships, where fresh air is drawn from the outside and exhausted to the
outside. On the other hand, where a closed system must be used, either electro-
static precipitation or HEPA filtration will reduce the concentration of airborne
bacteria. Individual operating requirements must be considesed in makiug a choice.

The studics just reported were performed in an experimental room. [t
would be of great interest to ascertain the effectivencss of the air cleaning devices
under cl'nical conditions. Such studies are now being performed.

Still unresolved is the question of what level of microbial concentration is
acceptable in a dental operating room, Counts of zero to less than 1 VP/ftd in
surgical opurating suit~s have been suggested aa being acceptable. A (T urlikely
that similar requirements would be applied in all dental operatories. However,
it would be expedient to reduce counts {n rooms where dentai surgery is being
performed. Additionally, where certain procedures, such as scaling with an ultra-
sonic dm{_icc2 introduce organisms int: the room air in many times the normal
number, 1 something should be done to reduce the concentration, Either ade-
quate forced ventilation or an air cleaning system such as one of the types described
here i8 recommended.

SUMMARY

[he reduction in number of airborne bacteria by two air cleaning devices
in a closed space was studied. A high efficiency particulate air {ilter and an




electronic air cleaner were evaluated on both static and dynamic aerosols that
were experimentally disseminated. Results were compared to those obtained by
forced ventilation,

It was found that reductions of over 80 percent in the bacterial concentration
in a closed room could be obtained using air cleaning devices with a theoretical
room air turncver every 1 1/2 to 2 minutes. These devices were as effective ag
forced ventilation at r imilar rates.

ACKNOWLEDGMENTS

The authors express appreciation to LCDR R. W. Mohr, DC, USN, and Chief
Dental Technician G. J. Mickel, U8N, for their assistance in this investigation.

REFERENCES

1. Bourdillon, R, B.; Lidwell, O. M, ; and Lovelock, J. E. Studies in Air
Hygiene. Medical Kasearch Council Special Report 8cries No. 262. London,
His Majesty's Stationery Office, 1948.

2. Madden, R. M., and Hausler, W. J., Jr. Microbiological Comparison of
Dental Handpieces. 1. Preliminary Report. J Dent Res 42:1146-1151 Sept-

Oct 1963,

3. Miller, R. L.; Burton, W, E,; and Spore, R. W. Aerosols Produced by Dental
Instrumentation. In Proc First Int Sympos Aerobiol. Berkeley, Calif. 1963,
pp. 97-1117,

4. Larsto, D. C.; Ruskin, P. F,; Martin, A.; and Delanko, R. FEifect of a Dental
Air Turbine Drill on the Bacterial Counts in Air, J Prosth Dent 16:758-765
July-Aug 1966,

5. Llarato, D. C.; RMuskin, P. F.; and Martin, A, Effect of an Ultrasonic Scaler
on Bacterial Counts in Alr. J Pertodont 38:550-554 Nov-Dec 1967.

6. Micik, R. E.; Miller, R. L.; Mazzarella, M. A.; and Ryge, G. Studies on
Dental Acrabiology: 1. Bacterial Aerosols Generated During Dental Procedures.
J Dent Res 48:49-56 Jan-Feb 1969,

7. Langmuir, A. D. Epidemiology of Airborne Infaction. In Conference on
Airborne Infection, Miami Beach, Fla. Dec 7-10, 1980, W. McDermott (Editor).
Baltimore, The Willlama & Wilkins Co., 1981, pp. 173-181,

8. Greene, V. W,; Bond, R, G,; and Michaelsen, G, 8, Air Handling Systermsa
Must be Planned to Reduce the Spread of Infection. Mod Hosp 95:136-144
July-Sept 1960,

9. Shreve, W, B.; Pelleu, G. B., Jr.; and Wachtel, L. W, Effect on Airborne
Bacteria of Extraneous Particulate Matter or Alr Filtration, ND&TR-007.
Bethesda, Md., Naval Dental School, Jan 1969.

10. Rosebury, T. Experimental Air-Borne Infection. Baltimore, The Williams &
Wilkins Co., 1947, p. RO.




11,

Michaelsen, G. 8. Air, Its Importance and Control, In Proc, Course in
Bavircamentsl Health and Safety in Medical Care Institutions. Washington,
D.C., Howard University, Apr 26-3C, 1865.

Pellea, G. B., Jr.; Sbreve, W, B.; and Wacktel, L. W. Reduction of
Microbizl Concentration in Air of Dental Operating Rooms by HEPA Filtration.
ND8-TR-008, Bethesds, Md., Naval Dental School, Jaia 1968,




Security Classification

UOCUMENT CONTROL DATA - R&D

(Bocurity clasaification of title, body of eSotract and indexing onnototion muet ba entered when the overpll repurt la classilied)

1. ORIGINATIN G ACTIVITY {Cormorets suthor) ' 2. REPORT SECURITY C LASHIFICATION
National Naval Medical Center 75 eRGUP
Betheada, Maryland 26014

3. RRPOAT TI

REDU&'B\’)N IN NUMBER OF AIRBORNE BACTERIA BY AIR CLEANING DEVICES
IN A CLOSED SPACE

4. DESCRIPTIVE NOTES (Type of report anc inclusive dates)

8. AUTHOR(S) (Laxi name, firet name. initiel)
W. B. Shreve, Commander, DC, USKN, L, W, Wachtel, Captain, MSC, USNR,
G, B. Pelieu, Jr., Ph.D,

€. RZPORT DATE 7a8. YOTAL NO. OF PAQES 7b. NQ. OF REFS
3¢ June 1983 : 8 12
Ja. CONTNACT OR GRAMNT NO. 048. ORISINATOR'S FIPCHT NUMBER(S)
NDS-TR-010

5 PROIECT NO.

€. $5. QTHER REPORT RO(S) (Any sthot nuadsra that may bo assigned
3;. nmr(’

«WORK UNIT NO, MR 005, 12-6050
T C A AT TV C T b TON STATEMENT

This document has been approved for public release and sale; its distribution is unlimited,

11. SUPPLEMENTARY NOTER 12. SPONSORING MILITARY ACTIVITY

BUREAU OF MEDICINE AND SURGERY
Navy Departmer..
AN Waghington, D.C. 20390

13. ABSTRABII need for reducing the concentration of microorganisms in the air of dental
operatories has been assumed. The purpose of this study was to evaluate the effectiveness
of two methods of air cleaning in reducing the number of airborne bacteria in a clos_d
space. Tests for clearance of Bacillus subtilis spores from static and dynamic aerosols
were conducted in a 700 ftﬂ'exﬁérimental room. The air cleaning devices were a portable
electronic air cleaner with a capacity of 175 cfm (tested in combinations of one, two, and
three) and a high efficiency particulate air (HEPA) filter module with a capacity of 800 cfm
(tested singly and as a pair). Both devices cleaned and circulated room air only. The time
required for complete clearance of spores from a static aerosol descreased as air capacity
increased, from an average of 19 minutes at 175 ¢fm to 8 minutes at 800 ¢fm. With forced
ventilation at 800 cfm, an average of 5 minutes was required. When a dynamic aerosol was
disseminated over a 10-minute period, spore concentrations plateaued after several minutes,
the level depending on the rate of air flow through the cleaning devices. Cleaning efficiency
was maximum when the theoretical turnover of room air occurred once every 1 1/2 to 2
minutes. Mo difference was observed between the officiency of the electronic and HEPA
devices. Forced ventilation at 800 cfm produced results comparable to those of HEPA

filtration at the same rate. @& ( /T/
e

DD \"9%.'1473 ___UNCLASSIFIED

Security Clagsification

S e et A B

Lom st MOAARIR ARG




m——

Qecurity Clessification
146 LINK R LINK B LINK C
KEY WORDS ROL& wY nOoLE wT ROLE wy
Airborne bacteria
Ailr cleaning
Electrostatic precipitation
HEPA filtration
Ventiiation
UNCLASSIFIED

Security Classification

p
3
¢




